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Chapter 1
Persistent Organic Chemicals in the Pacific
Basin Countries: An Overview
Bommanna Loganathan*
Department of Chemistry and Watershed Studies Institute,
Murray State University, 1201 Jesse D. Jones Hall,
Murray, Kentucky 42071, United States
*E-mail: bloganathan@murraystate.edu
The Pacific Basin is a unique geographical region representing
tropical, temperate and polar zones. This region is home to
2/3 of world’s population and consists of rapidly growing
economies (countries) and highly developed countries. The
Pacific Basin countries have had a history of use of persistent
organic chemicals (POCs) at varying proportions during the
last five decades. Due to diverse climatic and socio-economic
conditions, the environment and biota in different countries in
this basin have varying degrees of environmental contamination
and effects onwildlife and humans. In this chapter, the historical
background of POCs including, discovery, production, use,
regulations/restrictions imposed, current status and possible
future trends are reviewed especially focusing on the countries
in the Pacific Rim.
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Introduction
The first half of 20th century was the dawn of persistent organohalogen
compounds. The chlorinated, brominated and fluorinated compounds were
discovered and put to use during late 1800s and 1900s respectively. These
compounds are being used in consumer products such as cosmetics, medicines,
foods, flavors, toiletries, paints, plastics and other industrial products. Many of
these compounds protected animals and humans from deadly diseases, improved
agricultural food production to meet the demands of increasing population, and
improved the overall quality of our lives. Although these man-made chemicals
benefitted man-kind, they have led to environmental contamination and have
changed the quality of the environment, thus adversely affecting the health of
animals and humans worldwide (1). Because these compounds are inert and
stable under extreme environmental conditions, they are useful in many industrial,
agricultural and public health applications. The chemical stability and recalcitrant
properties of organohalogens, coupled with their widespread use, has led to
global environmental contamination and harmful effects on wildlife and humans
(2). To protect human health and the environment, the Stockholm Convention
was adopted and put into practice by the United Nations Environment Program
(UNEP) and listed (in 1995) the following persistent organic chemicals that are
needed to be addressed globally: aldrin, chlordane, dieldrin, endrin, heptachlor,
hexachlorobenzene, mirex, toxaphene, polychlorinated biphenyls (PCBs),
dichlorodiphenyl trichloroethane (DDT), dioxins, polychlorinated dibenzofurans,
polycyclic aromatic hydrocarbons, and brominated flame retardants. This list was
subsequently (since 2001) expanded and new persistent organic compounds added
to the Stockholm Convention List are: chlordecone, α-HCH, β-HCH, γ-HCH
(lindane), pentachlorobenzene (PeCB), tetrabromodiphenyl ether (tetra-BDE),
perfluorooctanesulfonic acid (PFOS), endosulfans and hexabromocyclododecane
(HBCD).
The Pacific Basin is a unique geographical region representing tropical,
temperate and polar zones. This region is home to 2/3 of world’s population and
consists of highly developed countries such as the United States, Canada, Japan,
Australia and New Zealand etc., and rapidly growing countries, including China,
Vietnam Indonesia, Philippines etc. These countries have had a history of use
of organohalogens at varying proportions during the last several decades. Due
to diverse climatic and socio-economic conditions, the environment and biota
in different countries in this basin have had varying degrees of environmental
contamination and effects on wildlife and humans. Since these compounds
are ubiquitous, are resistant to degradation and cause long-term health effects,
most of these compounds are severely restricted/banned from production and
use in many countries, including countries in the Pacific Rim, since 1970s. The
organohalogen compounds are commonly known as persistent organic pollutants
(POPs), persistent organic chemicals (POCs) and persistent, bioaccumulative and
toxic chemicals (PBTs). This chapter provides an overview of these synthetic
organohalogens including, discovery, production, use, regulations/restrictions
imposed, current status and possible future trends especially focusing on the
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Early History and Timeline of POCs
Figure 1 shows the summary of the timeline of persistent organic chemicals.
The history of organochlorine pesticides began when Michael Faraday, who
reported on June 16, 1825, the formation of “benzene hexachloride” by the
reaction of benzene with chlorine in the presence of sunlight (3). Faraday did not
recognize at that time that the product actually consisted of a mixture of isomers
of hexachlorocyclohexane (HCH). The discovery of insecticidal properties was
missed during the early 1930s. In 1942, the name lindane was assigned to the
active γ-isomer after Van Linden, discoverer of the δ and γ-isomers (4). The
use of HCH isomers, known as technical HCH started in 1943, and the global
consumption increased dramatically (estimated 6 million metric tons/year) since
then. Also, during this period, in 1939, Paul Muller discovered the insecticidal
activity of DDT (dichlorodiphenyl-trichloroethane). DDT was extremely
effective against crop and household pests. DDT was used during/after World
War II to control mosquitoes that spread malaria, typhoid fever, and cholera (5).
Similar to lindane, DDT was first synthesized by Othmar Zeilder in 1873, long
before its insecticidal property was found. During the first half of 20th century
several other chlorinated pesticides were introduced including, toxaphene,
diene-organochlorine insecticides such as chlordane, mirex, Aldrin, dieldrin,
endrin, and heptachlor.
In addition to the organochlorine insecticides, some other industrial
chemicals either intentionally produced, or as resulting by-products of
industrial processes are also of concern as POCs. These compounds include,
polychlorinated biphenyls (PCBs), polynuclear aromatic hydrocarbons
(PAHs), hexachlorobenzene (HCB), polychlorinated naphthalenes (PCNs),
polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
(PCDFs), polybrominated diphenylethers (PBDEs), perfluorinated compounds
(PFCs) and chlorinated paraffins, etc.
The industrial chemical, polychlorinated biphenyl (PCB)was first synthesized
as early as the 1880s by Schmidt and Schultz (6) and large scale commercial
production began in 1929. PCBs consist of 209 isomers and congeners from the
mono-substituted 2-chlorobiphenyl to the fully substituted decachlorobiphenyl.
Commercial PCB mixture range from 21% (Aroclor 1221) to 68% chlorine
(Aroclor 1268). PCB mixtures were produced for a variety of uses such as
fluids in electrical transformers and capacitors, heat transfer fluids, lubricating
and cutting oils, and as additives in plastics, paints, printing inks, adhesives and
sealants (1). HCB was produced commercially as a fungicide for wheat in 1933
and also has had industrial uses in organic synthesis as a raw material for a variety
of substances including synthetic rubber, a plasticizer for poly (vinyl chloride),
an intermediate in dye manufacture etc. (7) In the following paragraphs, the
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Figure 1. Timeline of persistent organic chemicals. The arrow indicates an
increase in number of chemicals produced over the years. Despite regulations,
the number of chemicals detected in environ-mental samples continues to
increase in the present century, posing a threat to our environment and health.
Restrictions/Ban on POCs in Some Countries in the Pacific Rim
United States and Canada
The United States was one of the major producers of PCBs with an estimated
>600,000 tons produced between 1930 and 1977 (8). Globally, over one million
tons of PCBs were produced before the mid 1970s (8). The manufacture of PCBs
stopped in the United States in August 1977. On April 19, 1999, the United
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manufacture of PCBs and the phasing out of most PCB uses. The largest use
of PCBs prior to being discontinued in the late 1970s, was in closed systems
such as electrical equipment, mainly capacitors and transformers (9, 10). In
1972, DDT was banned in the US for agricultural uses (11). In 1986, Toxaphene
was banned in the US due its negative effect on human and animal health (12).
Similarly, brominated flame retardants such as polybrominated diphenyl ethers,
were also restricted/banned in several States in the US. In April 2007, the state
of Washington passed a bill banning the use of PBDEs. The State of Maine
Department of Environmental Protection found that all PBDEs should be banned.
In August 2003, the State of California outlawed the sale of penta- and octa-
PBDE and products containing them, effective January 1, 2008. In May 2007, the
legislature of the state of Maine passed a bill phasing out the use of DecaBDE.
Some of the PBDEs such as penta- or octaBDE have been voluntarily withdrawn
by manufacturers in the United States. Also, Minnesota become the first state
in the US that proposed a ban on the sale of soaps and cleaning products that
contain antibacterial compound triclosan as of January 1, 2017 (13). In addition,
in January 2015, the final year of the PFOA (perfluorooctanoic acid) Stewardship
Program, the US EPA proposed an additional Significant New Use Rule for
C8/PFOA and 25 other long-chain PFCs (14).
In Canada, the manufacture, import, and sale of PCBs were made illegal in
1977 and release to the environment of PCBs were made illegal in 1985. However,
Canadian legislation has allowed owners of PCB equipment to continue using
PCB equipment until the end of its service life. The storage of PCBs has been
regulated since 1988. Canada is signatory to several international agreements on
the phase-out of a number of persistent toxic substances including PCBs (15).
Canada banned DDT in 1972 because of its impact on humans and wildlife.
Canada also banned the use of the most toxic PBDE compound (penta-PBDE) in
2005. In 2009, Canada added PFOS to a list of chemicals in legislation that must
be eliminated from use. Toxaphene’s effect on human and animal health led to a
ban on its use in Canada in 1982 (16). Recently, the federal government of Canada
has proposed a ban on microbeads in personal care products such as shower gels,
facial scrubs and toothpastes, which will commence July 1, 2018. This Canadian
Environmental Protection Act would prohibit the import, manufacture or sale of
toiletries that contain microbeads that are 0.5mm diameter or smaller (17).
Colombia
Colombia is located at the northwestern tip of South America and it is the
fourth largest country on the continent. Colombia’s ministry of environment
is responsible for the definition of the environmental policies and regulations.
In 2008, Colombia signed the Stockholm Convention on persistent organic
pollutants. Colombia banned DDT and other organochlorines including, dieldrin,
chlordane, mirex, pentachlorophenol, dicofol, BHC, heptachlor, lindane in 1993,
and these are no longer in use. Colombia banned PCBs in 2008. According to
the Ministry of Environment and Sustainable Development Resolution 222-2011,
30% of the total inventory of PCBs or wastes contaminated with PCBs must
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PCBs or wastes contaminated with PCBs must be eliminated by December
31, 2028. Other compounds that are partially restricted are PBDEs (Law
1196-2008), perfluorinated compounds (Law 1196-2008), Heroin, methaqualone
and meclocualona, and the substances that are listed in the Convention of
Psychotropic 1971 (Resolution 826-2003 of Ministry of Social Protection.
Australia
Australia has a history of intensive use of organochlorine insecticides and
industrial PCBs, but with gradual phasing out of these compounds through
restrictions on agricultural use and the availability of less persistent and
bioaccumulative alternatives (18). Australia is a signatory to the Stockholm
Convention on Persistent Organic Pollutants. In 2003-2004, the federal agency
estimated that 180 tons of deca-BDE product, 20 tons of penta-BDE product,
and less than 10 tons of octa-BDE product were imported in raw form into
Australia (18). This agency also reported a decrease in the use of about 90%
of octa-BDE and approximately 70% penta-BDE was seen in 2003-2004
compared to 1998-1999. From February 2007, octa-BDE was not allowed to be
imported/manufactured and penta-, and deca-BDE are under review (18).
Malaysia
According to the PAN Asia and the Pacific, banned organochlorine pesticides
such as DDTs are still in use in Malaysia (19). An article in a 21st Century Science
and Technology headline reads, “With DDT Spryaing in Malaysia Can Show the
World How to Control Dengue”, the official announcement of the World Health
Organization (WHO) in September 2006 gave a clean bill of health to the use of
DDT for indoor spraying for controlling malaria reversed 30-year ban on DDT and
offered promising way forward for also controlling the spread of mosquito-borne
dengue fever (20, 21). According to the Director of WHO (Dr. Arata Kochi), “one
of the best tools we have against malaria is indoor residual house spraying (IRS).
Of the dozen insecticides WHO has approved as safe for house spraying, the most
effective is DDT”.
Japan
Japan manufactured PCBs under trade name Kanechlor. The total PCB
production was estimated to be 60,000 tons until 1971. Japan banned PCBs in the
year 1972 (22). Japanese Government enacted special law on PCBs to destroy all
of the PCB containing wastes by the year 2023 (23). The cumulative amount of
DDT and HCH production was 30,000 and 400,000 tons, respectively, until 1971.
Japan imported chlordane compounds for termite control purposes. The use of
chlordane in Japan was estimated to be 17,500 tons until it was banned in 1986
(24). HCB was banned in 1979; Aldrin, dieldrin, endrin were banned in 1981;
heptachlor was banned in 1986; Toxaphene and mirex were banned 2002; α, β,
γ-HCHs were banned in 2010; endosulfan in 2014; pentachlorophenol, its salts
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banned in 2010. Deca-BDE is still in use. Perfluorinated compounds: PFOS,
its salts were restricted in 2010. PCN was banned in 1979; pentachlorobenzene
banned in 2010 and HBCD restricted in 2014 (25, 26).
Republic of Korea (South Korea)
DDTs and PCBs were banned in south Korea in 1971 and 1979 respectively.
Import of PCBs were prohibited in 1984 (27). Lindane was banned in 1969,
however, specific exemption as medicinal use until 2020 (28). Dieldrin was
banned in 1971 and no longer used in S. Korea. Heptachlor and HCH were
banned in 1979 and endosulfan was banned later in 2010 (29, 30). According
to Eco-labeling policy some of the PBDEs were restricted beginning 2006 (31).
Also some perfluorinated compounds were also restricted in 2015 with permanent
exemption until development of alternatives (until 2025) (30). Reductil, a
pharmaceutical chemical was banned in 2010 due to side effects such as stroke and
myocardial infarction (32). Polyhexamethylene guanidine, oligo (2-(2-ethoxy)
ethoxyethyl guanidine chloride)- humidifier germicides were banned in 2011
(33). Cleaning products containing nonylphenols were banned in 2002, this ban
included >0.1% nonylphenol products after 2006 (34). According to Shim et
al. tributyltin (TBT) was banned in ships smaller than 4000 tonnage since 2000
and total ban imposed in 2003 (34). Hexabromocyclododecane (HBCD) was
restricted in 2015, with permanent exemption chemical until development of
alternative until 2020 (37).
Emerging Compounds with Persistent Organic Pollutant-Like
Properties Detected in the Pacific Basin Countries
Table 1 shows the list of compounds detected in environmental and biological
samples from the Pacific Basin countries (38–45).
In addition to compounds listed in the Table 1, a class of industrial chemicals
used in plastics such as phthalates and phthalate metabolites were also of
compounds of concern as endocrine disruptors. In August 2008, the United
States Congress passed the Consumer Product Safety Improvement Act (CPSIA).
The CPSIA bans the use of Di-n-butylphthalate (DBP), benzylbutyl phthalate
(BBP), and Di(2-ethylhexyl)phthalate (DEHP) in amounts greater than 0.1% in all
children’s toys and some childcare products (46). In addition, the Congress also
restricted, on an interim basis, diisononyl phthalate (DINP), di-n-octylphthalate
(DNOP), and diisodecylphthalate (DIDP). The Consumer Product Safety
Commission (CPSC) has also recommended banning diisobutylphthalate
(DIBP), di-n-pentylphthalate (DnPP), di-n-hexylphthalate ((DHEXP) and
dicyclohexylphthalate (DCHP) (46). Pharmaceuticals (with POP-like properties)
including, antischizophernics, sedatives, antidepressants, antihypertensions,
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Table 1. Emerging compounds with POP-like properties. Prepared based
on references (38–45).















2-Ethylhexyl-2,3,4,5-tetrabromobenzoate (183658-27-7) EH-TBB or TBB
Hexabromobenzene (87-82-1) HBB






Tetrabromobisphenol A (79-94-7) TBBPA
Tetrabromobisphenol A diallyl ether (25327-89-3) TBBPA-DAE




2,4,6-tribromophenyl allyl ether (3278-89-5) TBP-AE or ATT
Tris(2-chloroethyl)phosphate (115-96-8) TCEP
Tris(1,3-dichloroisopropyl)phosphate (13674-87-8) TDCPP or TDCP
Short-chain chlorinated paraffins (85535-84-8 and 71011-12-6) SCCP
(ii) PFCs and other Industrial Chemicals
Perfluorooctane sulfonyl fluoride (1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluorooctane-1-sulfonyl fluoride) (307-35-7)
POSF
Perfluorooctane sulfonic acid (1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluorooctane-1-sulfonic acid)(1763-23-1)
PFOS
Perfluorooctane sulfonate Potassium salt
(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctane-1-sul-
fonate Potassium salt) (2795-39-3)
PFOS K
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Table 1. (Continued). Emerging compounds with POP-like properties.
Prepared based on references (38–45).


































8:2 fluorotelomer alcohol (3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
heptadecafluoro-1-decanol) (678-39-7)
8:2 FTOH
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Table 1. (Continued). Emerging compounds with POP-like properties.
Prepared based on references (38–45).
Compound Name (CAS Number) Abbreviation
Bisphenol A, (4,4-dihydroxy-2,2-diphenyl propane) (80-05-7) BPA























Temporal Trends of Organohalogens and
Emerging Pollutants in the Pacific Basin
Trend monitoring studies are valuable in understanding the past history,
present status and possible future trends of contamination by persistent organic
pollutants (POPs) in the environment. During the last five decades, the production
and use of many persistent organic chemicals/persistent organic pollutants have
been severely restricted in several countries in the Pacific Rim. Figure 2 show a
schematic representation of time trends of chlorinated, brominated, fluorinated
compounds as well as emerging compounds of concern with persistent organic
pollutant (POP)-like properties. Organochlorine compounds such as PCBs
and chlorinated pesticides contaminate the environment and organisms very
rapidly during the periods of their use in industries, agricultural or public health
purposes. The contamination level declined after a ban or severe regulations
on production and use of these chemicals were imposed, especially in the most
developed countries. However, some developing countries in southeast Asia and
Pacific region still use organochlorines to combat vector borne diseases such
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chlorinated POPs may not be reached for several decades in the future. In contrast,
fluorinated and brominated compounds are still being produced in large quantities
(not phased out completely) and used in several consumer products in both
developing and developed countries. Therefore, environmental contamination
and exposure to wildlife and humans by these compounds continues. Similarly,
emerging persistent compounds derived from pharmaceutical and personal care
products (PPCP), with persistent organic pollutant-like properties, are detected
in environmental and biological samples during the past decade are also of
concern. Evidence of PPCP contamination and ecotoxicological effects on
aquatic organisms and indirect effect on humans via antibiotic resistant bacteria
are mounting. Considering the contamination trends profiles as depicted in Figure
2, it can be predicted that the environmental contamination, human exposure, and
health effects of brominated, fluorinated and other compounds with persistent
organic pollutant-like properties will continue to be of concern for decades, not
only to countries in the Pacific Basin, but also, on a global scale.
Figure 2. A schematic representation of time perspectives of classical POPs and
compounds of concern with POP-like properties.
Human exposure to environmental pollutants has been attributed to the
worldwide prevalence and dramatic increase of obesity and type 2 diabetes over
the last four decades. The World Health Organization estimated 1.5 billion adults
worldwide are overweight or obese and the number of type 2 diabetes increase
from 153 to 347million between 1980 and 2008 (48, 49). A recent study estimated
the human cost of long-term low level chemical exposure to endocrine disrupting
chemicals costs the United States $340 billion in annual health care spending and
lost wages (50).Typical examples are: PBDE flame retardant exposure leading
to IQ points loss and intellectual disability in 43,000 cases with 11 million IQ
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and low testosterone resulting in increased early mortality (10,700 attributable
dealths) estimated cost annually $ 8.8 billion dollars and multiple exposure with
autism and ADHD (attention deficit/hyperactivity disorder) in children (~5,900
cases) estimated annual cost of $2.7 billion (50). Considering the human cost of
chemical exposure, it is important to take necessary steps to minimize exposure
in a timely way to protect our environment and human health.
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